The objective of this paper is to examine the effect of energy efficiency standards on prices and market shares of major household appliances in the United States. The household appliance market is analyzed using point-of-sale (POS) retail data of clothes washers and dryers from NPD Group.
Introduction
In the past decades, the U.S. Department of Energy (DOE) has dedicated great effort to reducing residential energy consumption through setting minimum energy performance standards for various household appliances. The minimum efficiency standard is determined at a level which is technologically feasible and economically justifiable. Previous studies have documented the environmental benefit and economic impact of energy efficiency standards on major household appliances. For example, Meyers, et al. (2003) estimated that consumers could save $150 billion through 2050 as a result of energy efficiency standards. While studies such as these have found that standards provide an overall benefit to society in the long run, we were interested in the market impact of standards in the short run. Under simplistic assumptions of perfect competition, the short-run impact of minimum efficiency standards should be an increase in the average market price of models still remaining in the market. The net benefit of the standard would be positive if the increase in consumer welfare from energy savings outweighed the increase in the cost of purchasing the appliance. Although it is currently not feasible to fully quantify the short run impact of energy efficiency standards on consumer welfare, a previous study has estimated a lower-bound gain/loss as a result of clothes washer standards. The preliminary results indicate that consumer welfare loss from limiting choices of affected appliances was outweighed by consumer welfare gains from an actual price drop of more efficient appliances. This welfare calculation was made under the assumptions of perfect competition and economies of scale (Chen, et al., 2013) . However, some have suggested that the assumption of perfect competition might not be entirely defensible in the context of energy consuming household durables where firms likely have market power (Fischer, 2004; Fischer, 2005; Ashenfelter, et al., 2013) . To expand on this previous study, our analysis uses a similar database and estimation strategy to the report written by Chen, et al. (2013) . We utilize point-of-sale (POS) data for clothes washers to empirically evaluate the impact of more stringent energy efficiency standards on market prices and market shares in order to obtain preliminary evidence as to the nature of the market for these durables, and the short run market impact of minimum efficiency standards. In 2001, DOE adopted the 3 rd federal minimum energy efficiency standard on clothes washers as part of National Appliance Energy Conservation Act (NAECA), which required residential clothes washers to be manufactured with a modified energy factor (MEF) of at least 1.04 effective on January 1 st , 2004. Additionally, effective January 1 st , 2007 the law required that the minimum energy efficiency threshold increased from a MEF of 1.04 to 1.26 as the second tier requirement. The criteria of Energy Star standards for clothes washers changed at the same time as minimum energy efficiency standards in both years as well. We exploit these policy changes as an exogenous intervention in the appliance market and examine how prices and market shares were affected by standards.
Data
We obtained POS data on total sales of appliances purchased in the United States from NPD Group spanning the period of 2002 to 2011, including measures of units sold and average price broken down by brand and model. NPD collects monthly POS data from major household appliance retailers aggregated at the U.S. market level. The unit price of each model is derived by dividing total revenue by total units sold. We used clothes washers in this study because this product experienced standard changes during the period for which data are available. Additionally clothes washers are among the most commonly used appliances in the U.S. household. The data also consist of a limited set of attributes for each product. For example, the clothes washer dataset provides information on washer capacity, loading type, control type and colour. The clothes washer data were filtered so that they only contain observations with identifiable brand and model numbers. In order to identify the energy consumption of each of the models, models were matched to the Federal Trade Commission's (FTC) assessment of energy efficiency measured as kilowatt-hours per year (kWh/y) for standard usage. We do not have this measure for all units, but we do have it for a significant majority of models in our data, 87 percent of the models with identifiable model numbers were matched to the FTC measure in the clothes washer data. However, the FTC measure of energy efficiency does not directly correspond with the U.S. Department of Energy's (DOE's) energy measure for clothes washers, and it is the DOE energy measures that are used to determine compliance with efficiency standards. For clothes washers, the energy performance metric used by DOE is Modified Energy Factor (MEF), defined as cubic feet per kWh per cycle. In calculation of the MEF used by DOE, the total kWh measure accounts for the machine electrical energy, water heating energy and moisture removal energy, which the FTC measure does not fully account for.
Since the FTC energy measures cannot be directly converted to the DOE's energy performance metrics, we are not able to identify which specific models would be banned due to the standards. However, we use the FTC measure of efficiency (kWh/y) to classify all the models into different efficiency bins and study the price change around the standard effective dates in each bin. The FTC energy measure is an important indicator of efficiency rating to distinguish among different models and is posted on appliances to inform consumers of the energy ratings of potential purchases.
Price and Market Share Movement over Time
The average price and average market share of clothes washer units sold are plotted in Figures 1 and Figure 2 , respectively. The figures show the overall change in prices and market shares by efficiency ratings for clothes washers from 2002 to 2011. These figures were generated using all models for which the FTC energy measure is available. Five efficiency bins were assigned based on quintiles of the entire efficiency range of products sold from 2002 to 2011. All prices were adjusted for inflation using the GDP deflator and reported in 2010 dollars, and the average prices shown in each efficiency bin were weighted by quantities sold in that same efficiency group. In Figure 1 , we can see that overall raw clothes washer prices in each efficiency bin decreased from 2002 to 2011. For washers that fell into mid-low efficiency bins, their prices dropped even more precipitously than washers with higher efficiency ratings, especially when a new standard came into effect in both 2004 and 2007. In Figure 2 , we first notice that the clothes washers' efficiency performance varied a lot from year to year, but this variation appeared to lessen over time. In addition, the market share distribution against efficiency level in every year showed a bimodal distribution, which means that there were two peaks in the market share distribution, and these two peaks were located at opposite ends of the efficiency spectrum. This shape implies that the highest market shares of clothes washers were concentrated among models with both the highest efficiency and the lowest efficiency available in that year regardless of the standards. In other words, the clothes washer market generally seems to have consisted of two broad types of consumers, one with higher preference for energy efficiency and the other with lower preference for energy efficiency. The implication of this is discussed further in the conclusion. When comparing the shape of the market share distribution between the standard effective year and the year prior to that (marked in solid lines in Figure 2 ), a considerable number of inefficient washers disappears from the market and the distribution shifts toward more efficient washers at the time the new standards came into effect. Energy efficiency standards not only improved the average energy consumption of washers, they also reallocated the market share of more and less efficient washers. In 2003, clothes washers with the lowest efficiency rating dominated almost half of the market; while starting in 2006, more and more consumers shifted toward more efficient washers. After 2007, more high-efficiency washers were sold than relatively low-efficiency washers, and the market has become largely dominated by relatively high-efficiency washers by 2011. 
Price Impact Estimation of Standards in the Short Run
In the previous section, we've shown historical raw price trends for clothes washers to visualize the price change surrounding their standard effective dates. However, in order to truly evaluate the price impact attributed to standards, we need to utilize a more rigorous approach. The implementation of energy efficiency standards usually is associated with changes in the mix of models provided in the market, which changes the set of product attributes available to consumers, and sometimes there are tradeoffs between energy efficiency gains and these product attributes (Greening, et al., 1997) . Although some attributes of washers such as energy efficiency, capacity, soil sensors and spin speed arguably have improved as a result of standards, other features may have become less desirable, like the longer duration of the washing cycle and poorer cleaning performance. We use regression models with and without fixed-effects to estimate within-model as well as overall changes in prices for clothes washers. In the following sections, we detail the model specification and the application of these regression models to our clothes washer dataset. Before exploring the quantitative results, however, we first present graphical evidence of the within-model average impact of the standards on prices of clothes washers. In order to show the within-model price changes graphically for clothes washers, we provide Figure 3 . The average within-model price trend for dryers (Figure 4 ) is included here as a counterfactual group to represent a general price trend of similar household appliances over the same period of time that were not affected by the standards. It is worth noting that dryers are not an ideal control group in this context because arguably dryers and clothes washer are complimentary goods, and so their price trends are not mutually independent. However, it is likely that an observed change in the price of clothes washers that is statistically different from that of clothes dryers is likely to underestimate the true effect on the price of clothes washers, as the prices of these two products should be positively correlated, if anything. The results using dryers as a control, however, should be interpreted carefully because of the fact that these two product markets are not independent. The graphs were generated by regressing price on modelspecific fixed effects as well as a dummy for each time period in the sample. Using a technique common in the event study literature, the coefficients on each time dummy are plotted over time for each appliance. These coefficients are the overall average withinmodel change in price between each time period and the base period (January 2002). The circled dots are the average price change relative to January 2002 and the solid lines represent plus and minus 2 standard errors. The two red vertical lines represent the dates when more stringent standards went into effect for clothes washers, January 2004 and January 2007 respectively. We can see that within-model real prices of these two appliances show a downward trend over the sample period, and on average the withinmodel prices for clothes washers dropped at the standard dates. The within-model prices of dryers did not appear to change at the dates for which the standards changes for clothes washer. Moreover, we also observed a steeper downward price trend for clothes washers following the standard date relative to before the standard as compared to dryers, the control group. Therefore, it appears that efficiency standard changes lead to a short-run drop in within-model price on average for affected appliances. This drop could be in the form of either a level drop and/or a downward trend-break. In the next section, we turn to the regression analysis to quantify this result. 
Model Specification
We implemented two types of regression models to examine the price impact of standards on clothes washers. The first model is a linear regression with fixed effects. Fixed effects models are used to explore the relationship between the dependent variable (price) and independent variables that have within-model variation. This regression approach includes fixed effects for each clothes washer model, along with a linear time trend, a policy shock dummy, and an interaction term between the time trend and policy dummy to allow for a trend break. The inclusion of fixed effects controls for all time-invariant model-specific features of products. Using this type of analysis enables us to explain how within-model prices change right after the standard effective date and estimate the magnitude of the change. We also used a linear regression without fixed effects. As opposed to the fixed effects model, a simple linear model captures the relationship of the dependent variable (price) and independent variables across all models for clothes washers. This type of analysis allows us to examine the impact of standards on the overall average price in the product market.
Regression Model Application
To apply these model specifications, we first separated the analysis into two categories: (1) overall regressions pooling all models, and (2) efficiency-level regressions with clothes washer models broken down into five efficiency groups. As mentioned at the beginning of the paper, the focus of this study is to measure the short-term price impact of the 2004 and 2007 standards on clothes washers. Hence, the regressions only include models purchased one year prior to and one year after the standard change.
Overall Regression Specification
In the case of the pooled regressions, the regression used to examine the January 2004 standard for clothes washers covers washer models sold between January 2003 and December 2004; the regression used to examine the January 2007 standard for clothes washers covers washer models sold between January 2006 and December 2007. The length of time for each analysis was chosen so that it focuses on the short-term price impact of standards and prevents results from being confounded with other policy changes, such as other federal standard changes or Energy Star criteria changes. We fit the first set of regressions on product prices and various independent variables for clothes washers to study the impact of standards on their prices. However, other unobserved factors that changed concurrently with these standard changes may have also affected product prices. These unobserved factors might include, but are not limited to, changes in energy prices, the collapse of the housing market, and prolonged downturn in the aggregate economy. It could also include changes to the data mix provided by NPD, as the mix of retailers included in the data did change over time. To minimize the impact of microeconomic and data fluctuation, we fit a second set of overall regressions using clothes dryers as a control group with a Difference-in-Difference strategy so that the coefficient is the price change relative to the price change of clothes dryers. Hence, we present two set of results for the overall regressions: (1) a set only including clothes washer models to estimate the effects of the clothes washer standard changes, and (2) another set including dryer models in each regression as a control group. The effect of the policy itself is estimated with a dummy variable to capture the effect around the time of the policy change. We also included an interaction term between the policy shock dummy variable and the time trend variable. This is because the policy change could have two potential impacts on price: a level-change in price between the pre-period and post period, and/or a break in the price trend (i.e. prices could begin to drop more or less quickly as a result of the standard). The standard model specifications for the overall regressions have the forms:
where Trend is a time trend variable increasing by one unit each month through the sample, Standard is a dummy variable equal to 0 prior to the standard effective date and equal to 1 after the effective date, T is a treatment dummy variable equal to 1 if the appliance faces a standard change and equal to 0 if the appliance is the control appliance (clothes dryers in this case), and γ i denotes the fixed effects. The index i refers to the unit of observation (an individual appliance model), and t refers to the monthly time period.
The treatment dummy variable, T, is only included to estimate the additional impact of standards on clothes washers relative to dryers, the control group. When estimating the overall regression with no fixed effects, the model specification is similar to the fixed effects regressions except dropping the fixed effects, γ i and adding T dummy variable to capture the average overall price of clothes washers as compared to the omitted product (dryers in this case).
Efficiency-Level Regression Specification
Besides learning the overall price impact on all models, we are also interested in knowing whether the price impact would differ by efficiency group. Preliminary evidence from the historic POS data for clothes washers has shown that product with mid-low efficiency rating potentially experienced relatively bigger price drops after the standards took effect, particularly at the 2004 standard change (Figure 1 ). Here we fit both the non-fixed effect and fixed effect regression models to the data surrounding the 2004 and 2007 clothes washer standards with five efficiency grouping variables and compare the magnitude of the price effect across efficiency groups to see if the price change in lower efficiency groups is statistically larger than those in higher efficiency groups or vice versa. These regressions for the efficiency-level specific effects continue to focus on the short-run effects and only include models purchased one year prior to and one year after the standard change, similarly to the overall regressions. Analogous to the overall regression, in order to avoid possible confounding factors that change concurrently with the standard changes, we fit a second set of regressions not only to clothes washers but also including dryer models as controls. Since there is no FTC data available for dryers, dryer models were included in the regression without assigning efficiency levels. Therefore, the coefficient on each efficiency group variable in the regression is the washer price change within that efficiency group relative to the overall price change of all clothes dryers. In addition to the efficiency group variables, the FTC measure is added to the fixed effects regression with no control group included because this measure does change over time for a handful of models and the FTC measure is not available for dryers. These regressions included all models for which the FTC measure is available for clothes washers. The efficiency-level specific regression models can then be specified as follow: 
Regression Model Results
The dependent variable in all the following regressions was the unit price; hence the interpretation of the coefficients on each independent variable is simply in dollar value terms.
Overall Regression Results
Results from the overall regressions examining the price impact of the 2004 and 2007 standards on clothes washers are reported below. Table 1 presents the regression results with no fixed effects; and Table 2 presents the regression results with fixed effects.
In Table 1 , we focus more on interpreting the coefficient results from regressions (2) and (4) because they attempt to limit the confounding effect of background price noise and other unobservable changes by including clothes dryers as a control group. Recall that the magnitudes of these coefficients are likely a lower bound on the true effect on clothes washer prices, because clothes washer and dryers are complimentary goods. When a control group was added, we see that on average non-weighted prices of these appliances did not change significantly during this time period, as the coefficient on the time trend is not significant. At the time of the standard change, the average overall dryer price only experienced statistically significant level increase ($43.47) To explain the price impact on the affected product, we look at the additional level change and trend-break during and after the standard year as compared to dryers. There was no statistically significant change in the average market price of washers relative to dryers at the time of the 2004 standard change. At the time of the 2007 standard change, the average market price of clothes washers dropped marginally significantly, at a magnitude of $29.49, although this drop is not significant relative to dryers. There was no indication at the time of either standard that there was a statistically significant break in trend in average market prices of clothes washers. The results from Table 1 indicate that the average price of products available in the marked did not change significantly in general other than a marginally significant drop in price on average in 2007. However, if we want to see what happens to prices of models existing on the market at the time of standard we must control for model-specific characteristics. This is accomplished using the fixed effects analysis. Once again, we focus our discussion of the results to the case when the dryer control group was included, which are regressions (2) and (4) in Table 2 
Efficiency-Level Regression Results
We divided product efficiency into quintiles to form five efficiency groups. However, products with the lowest efficiency level sold prior to the standard year may become obsolete after the standard, and brand new models with better energy performance may emerge in the market after the standard effective date. In order to be as consistent as possible, models were assigned a unique categorization in the following way: efficiency quintiles were calculated using the efficiency distribution of all models appearing in the data the year prior to the standard. If the models appeared in the data in the year before a standard, they were assigned an efficiency group based on these quintiles. On the other hand, for those models that didn't exist in the data before the standard, they were assigned an efficiency group determined based on the efficiency quintile of all models sold after the standard. The efficiency categorization is given to each model based on its matched FTC model instead of the model number reported by NPD. In many cases, especially around the standard changes, we found new models appeared in the market with only one letter difference in model series number from their previous version of the model in the NPD data. When we matched those to the FTC energy measure, they tended to match to the same FTC model number as well. They essentially have the same basic form of features as the previous version of model except some improvements internally to efficiency performance. In the efficiency-level regression analysis, we are treating those "new models" which appeared in the data after the standard equivalent to their previous version and categorized them in the same efficiency bin as their counterpart model based on the same FTC model number they match to. In this case we are keeping the efficiency categorization more consistent by relying on the basic features of a model and those features' pre-standard efficiency level in order to define the efficiency-based stratification of products available on the market. We ran the efficiency-level regressions both with and without fixed effects. Similar to the analysis looking at the average price effects, the efficiency-level regressions examined the impact of 2004 and 2007 standards on clothes washers. Table 3 presents the regressions looking at the differential impact of the standard on the prices of models in five efficiency levels when no fixed effects are used, while Table 4 looks at the within-model price changes for models across these efficiency groupings using fixed effects. Tables 3 and 4 present two sets of regression results for the two standard events we are interested. One set of the results show regression estimates with no control group, and the other set of the results show regression estimates with dryer models added to each regression as a control group. The interpretation of the coefficients in these regressions is similar to the pooled regressions, and the coefficients of interests are coefficients on "Group j *Standard" and "Group j *Standard*Trend". We look first at the results presented in Table 3 . There was a no statistically significant trend in prices of clothes washers or dryers leading up to the 2004 standard change. This is also true leading up to the 20067 standard change for dryers and all washer groups except the second-highest efficiency group, which was experiencing a downward average trend in within-model prices of $17.14 per month relative to dryers. At the time of the 2004 standard change, none of the three highest efficiency groups experienced a level change in prices. On the other hand the lowest efficiency group (Group 5) experienced a significant drop in prices of $63.25, and the second-lowest efficiency group (Group 4) experienced a significant drop in prices of $80.12 relative to dryers at the 2004 standard change. Additionally, the lowest and the highest efficiency groups experienced statistically significant downward breaks in trend at the time of the 2004 standard, dropping $8.20 and $15.92 more quickly per month relative to dryers following the standard change, respectively. Finally, at the time of the 2007 standard change, only the lowest efficiency group experienced a statistically significant drop in price level on average ($44.43) and downward break in average price trend ($6.91 per month) relative to dryers. We now discuss the results from the fixed effects regressions presented in Table 4 , once again focusing on regressions (2) and (4) which show the results relative to dryers. Here we see that within-model prices of dryers, as well as clothes washers, tended to trend downward over time. The within-model prices of the highest efficiency groups tended to trend downward more quickly for clothes washers, particularly at the time of the 2007 standard change. At the time of the 2004 standard change, the within-model prices of the two lowest efficiency groups dropped on average relative to dryers once again. The magnitude of the drop was $90.51 for the second-least efficient group (Group 4) and $34.64 for the least efficient group (Group 5) relative to dryers. At the time of the 2007 standard change the average drop in within-model price is significant for the least efficient group once again ($22.66 relative to dryers) and for the middle group (Group 3) with a drop in within-model prices of $26.78 on average relative to dryers. The break in trend is not significant for any group at the time of the 2004 standard. It is significant and negative for all groups at the time of the 2007 standard, but this is also true for dryers, so the trend break relative to dryers is only marginally significant for the second highest efficiency group (Group 2) which began dropping at an additional downward rate of $7.71 per month following the 2007 standard change relative to dryers.
Conclusion
We have shown in this analysis that overall within-model prices of clothes washers have been dropping over time for the most part between 2002 and 2011. Additionally, market shares of purchased appliances have shifted towards greater and greater efficiency. In particular, the clothes washer market share distribution across efficiency levels has been characterized by a bimodal distribution, which has gradually shifted towards greater efficiency, particularly following the implementation of standards. We have shown that there appears to be an overall downward pressure on prices just around the time of changes to the standard for clothes washers. This downward pressure manifested primarily as an overall drop in within-model prices. For clothes washers in 2004 the average market price (not controlling for any model characteristics) did not change significantly relative to dryers, but the within-model prices of clothes washers dropped significantly relative to dryers at that time, and continued to drop more quickly than dryers in the months following the standard. For clothes washers in 2007 the story was similar, although the drop in within-model prices was not significant relative to dryers. An important differentiation between the implementation of these two standards is that they both came from the same rulemaking. The law requiring these two standard changes was adopted in 2001 and designed to ratchet up the standards in a two tier process, with one tightening of the standard happening in 2004 and a second in 2007. Prior to the 2004 effective date of the first phase of this process, the clothes washer market had not seen an increase in the minimum standard for 11 years. Once the new standards were adopted in 2001, manufacturers had three years to prepare for the first phase in 2004, but had an additional three years to prepare for the second phase in 2007. Therefore, the fact that these two standards had slightly different impacts on market prices is not surprising, as they reflect perhaps different strategies taken by firms to respond to the standard. For example, the within-model price drop on average was the dominant effect in 2004, while the market average prices didn't change much. This might reflect the fact that firms responded to the standard more by dropping the prices of existing models, not having as much time to introduce new models to the market. On the other hand, in 2007 withinmodel prices did not drop as much. This might reflect a different strategy by firms to respond to the standard for which they had more time to prepare. When the models were separated into efficiency quintiles, a story emerged that the downward pressure on prices at the time of the standard seems to have been largely driven by the mid-low efficient level models at the time of both standard changes. Certainly, the price of the two or three lowest efficiency categories did not increase significantly in any regression specification. This is in stark contrast to what would be expected in a perfectly competitive market, wherein a restriction on the supply of low efficiency models should cause an increase in their price, as well as an increase in the price of close substituted (i.e. the next least-efficient models). Chen et al. (2013) suggest one explanation for the drop in prices is that the industry is experiencing economies of scale. However, this would explain an increasing rate of price drop following the standard, but not an immediate level drop in prices. Additionally, these economies of scale should result in the price drop being concentrated in the most efficient categories. Chen et al. (2013) allude to the possibility that imperfect competition might be another explanation, and as mentioned in the introduction, some researchers have also suggested that perhaps the assumption of perfect competition is not appropriate for appliance markets. The descriptive evidence of the bimodal distribution of sales shares across efficiency levels suggests that this hypothesis of imperfect competition may indeed be worth further exploration. Washer manufacturers must be aware of the heterogeneity of consumer preferences for energy efficiency, but cannot identify which consumers have which preference. Therefore, it suggests that manufacturers, if they have sufficient market power, may have different pricing schemes for different efficiency levels in order to make consumers sort themselves out (self-select) into different efficiency categories to maximize their profit. This type of price discrimination is called second-degree price discrimination and has long been hypothesized as relevant for durables markets (Mussa, et al., 1978; Donnenfeld, et al., 1988; Ronnen, 1991) . Empirical work has been done exploring the role of market power on the impact of increasingly stringent CAFE standards (Plourde, et al., 1999; Fischer, 2010) , and some recent work has suggested that indeed market power may be a factor in appliance markets (Ashenfelter, et al., 2013) . A model of second-degree price discrimination suggests that producers have an incentive to under-provide efficiency in their least efficiency models in order to charge higher margins for the more efficient models. The implementation of a minimum energy efficiency standard in this setting would eliminate the lowest efficiency models, making it impossible for the producers to maintain the same pricing strategy for higher efficiency models in the short run if they want to extract any surplus from consumers who otherwise would have purchased those now-eliminated least efficient models. They would therefore have to drop the price of models previously overpriced. This is indeed what we see, the price of mid-low quintiles of efficiency dropping in response to increasingly stringent standards. Spurlock (2013) explores the role of market power in this context more rigorously, but these results are suggestive that simplistic assumptions of perfect competition are likely not justifiable for these appliance markets.
